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This thesis concentrates on the automation of 5G signal transmission visualizing 
process inside Nokia 5G Field Verification team. The data is reformatted using 
Nokia Bipper and is analyzed using Nokia EMIL. From these tests, we can center 
around 5G Layer 2 parameters and discuss the basic ideas of them. 
The visualization of the data in this thesis does not reflect any statistics or final 
products in company. The idea of this project and internal tools access right are 
provided by Nokia Oy. 
As a powerful programming language for data analysis purpose, Python and Pan-
das play a significant role in plotting data and data manipulation. It also shows the 
flexibility when automating handy tasks inside automation industry. 
Basically, the project has achieved basic requirements and has been demoed until 
this working point. The use case can be used for testers while working with TTI 
traces data after testing process. When working with multiple data files, this auto-
mation tool is much more reliable and time saving. 
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GLOSSARY 
 
3GPP  3rd Generation Partnership Project 
5G NSA 5G Non-Standalone 
5G SA  5G Standalone 
5G  Fifth generation wireless technology for digital cellular networks 
BBU  Baseband Unit 
bps  bits per second 
BS  Base Station 
BTS  Base Transceiver Stations 
CP  Cyclic Prefix 
CQI  Channel Quality Indicator 
CSI-RS  Channel State Information Reference Signal 
CSV  Comma-Separated Values 
CU  Central Unit 
DL  Downlink 
DMRS  Demodulation Reference Signals 
DMRS Demodulation Reference Signal  
DU  Distributed Unit 
eMBB  enhanced Mobile Broadband 
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Gbps  Gigabits per second 
gNodeB Next generation Node B 
GSM  Global System for Mobile 
GUI  Graphic User Interface 
IoT  Internet of Things 
ITU  International Telecommunication Union 
LTE  Long Term Evaluation 
MCS  Modulation and Coding Scheme 
ME  Mobile Equipment 
MIMO Multiple Input Multiple Output 
mMTC massive Machine-type communication 
ms  milliseconds 
NaN  Not a number 
NR  New Radio 
OFDM Orthogonal Frequency Division Multiplexing 
PBCH  Physical Broadcast Channel 
PC  Personal Computer 
PDCCH  Physical Downlink Control Channel   
PDSCH  Physical Downlink Shared Channel  
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PRACH  Physical Random Access Channel 
PSS, SSS  Primary and Secondary Synchronization Signals 
PT-RS  Phase Tracking Reference Signals  
PT-RS  Phase Tracking Reference Signals  
PUCCH  Physical Uplink Control Channel  
PUSCH  Physical Uplink Shared Channel  
QoS  Quality of Services 
RAN  Radio Access Network 
RF  Radio Frequency 
RNTI  Radio Network Temporary Identifier 
RRM  Radio Resource Management 
RRU  Remote Radio Unit 
SFN  System Frame Number 
SIM  Subscriber Identity Module 
SRS   Sounding Reference Signals 
TTI  Transmission Time Interval 
TX  Transmit 
UE  User Equipment 
UL  Uplink 
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uRLLC ultra-reliable Low-Latency communication 
WCDMA Wideband Code Division Multiple Access 
XML  Extensible Markup Language 
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1 INTRODUCTION 
During the time of writing this thesis, 5G (5th generation of mobile technologies) has just 
rolled-out the market. The newest telecommunication technology is promised to have a 
massive boost to mobile phone services and enabling a wide range of new technologies 
and services. 5G is not just another generation of wireless connectivity – it will have an 
incredibly broad scope, supporting billions of connected devices and services across a 
wide range of industry sectors. 
This thesis documents the automation of  the signal transmission visualization between 
UEs (User Equipment) and gNodeB. The data for this work is fully provided by Nokia 
Networks and Solutions, which includess csv data generated during signal testing process, 
logs from base stations, and access right to Nokia Internal Tools such as EMIL and Bip-
per.  
This thesis contains seven main chapters in total and each chapter will expand on different 
problems within the scope of this thesis. The first chapter will include the introduction 
for this work. In the second chapter, to objectives of the thesis are presented. The third 
chapter introduces theoretical background. Chapter 4 lists the tools and technologies used 
in this thesis. The fifth chapter explains some important parameters inside data. Sixth 
chapter concludes software implementation, software components and some demo about 
this tool. Last chapter expresses what this tool has accomplished and thoughts on what 
features could be developed further in the future. 
1.1 Nokia Solutions and Networks Oy 
Nokia Corporation is a Finnish telecommunication company founded in 1865 and it is a 
major contributor to the mobile telephony industry. Nokia has assisted in the development 
of the GSM (Global System for Mobile), 3G and LTE (Long Term Evaluation) standards 
(and currently in 5G). During its prime, Nokia was once the largest worldwide vendor of 
mobile phones and smartphones. /1/ 
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Nokia Corporation is divided into six different business groups: Mobile Networks, IP/Op-
tical Networks, Global Services, Nokia Technologies, Fixed Networks and Nokia Soft-
ware. Mobile Networks is where the advanced wireless technology is created to connect 
the world through high-performing, high-capacity radio access products that are modular, 
cloud-native, open, easy to deploy, and consume little power. Mobile Networks also col-
laborate with other Business Groups and Bell Labs to maximize the benefits of E2E Fu-
ture X Networks. 
1.2 5G Signal Visualization 
The signal visualization process is a process, which describes the characteristics of nec-
essary parameters, components, and information inside that signal by creating images or 
a graph to communicate to users. In telecommunications, signal terminology refers to any 
time voltage, current or electromagnetic wave conveying information /2/. Signal visuali-
zation focuses on using computer-aided software to analyze vast quantities of abstract 
data. In computer systems, the practical application of information visualization includes 
the collection, transformation and representation of abstract data in a manner that pro-
motes human interaction for exploration and understanding.  /3/ 
1.3 Objective 
In 5G Field Verification team at Nokia Oy, a previous way of visualizing signal transmis-
sion data is to drag-and-drop various Excel files to different applications. As the amount 
of data generated in 5G networks is larger than any of the previous mobile technologies, 
this process will lead to massive manual effort from Field Verification engineers. Besides, 
this process also has many drawbacks, as it is not so accurate. There is a high probability 
of missing some data while working on drag-and-drop process. Hence, an application is 
needed to automate these whole testing process. This thesis is useful for the whole 5G 
team as well as other Nokia internal usage while needing to visualize these data signals. 
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2 THEORETICAL BACKGROUND 
2.1 Business Process Automation (BPA) 
2.1.1 Definition 
Business Process Automation (BPA) defines the use of technology to execute recurring 
tasks or processes in a business where manual effort can be replaced. It is done to achieve 
cost minimization, greater efficiency, and streamlined processes/4/. BPA solves problems 
relating to integrating applications, restructuring labour resources and using software ap-
plications throughout the organization/5/. 
2.1.2 BPA Deployment 
BPA can be implemented inside different number of business units with various types of 
solutions and toolsets. The solution varies on sophistication. BPA attempts to provide the 
shortest route to automation by exploiting the user interface layer. /5/. When applying 
inside an industry, BPA has  many advantages, such as the increase of productivity, error 
reduction, time and energy saving, internal communication improvement, and system in-
tegration. 
2.1.3 BPA in Nokia Field Verification Team 
Field Verification team is responsible for scrutinizing the field KPIs as well as performs 
the high-value feature verification both in lab and field measurement campaign. They are 
the last gate before piloting or commercial roll-out. The test environment of Field Verifi-
cation is the Nokia Test Network, which is a unique outdoor field test environment 
providing real radio coverage for Nokia R&D Espoo. 
A previous way of visualizing and analyzing 5G data is done with the help of two different 
applications, which are Nokia Bipper and Nokia EMIL. The usage of these tools will be 
discussed later in “Tools and Technologies” chapter. The visualizing process is illustrated 
below in Figure 1. 
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Figure 1. A previous way of visualizing 
At the beginning, raw data is browsed to Bipper. When working in this way, users also 
need to make options manually on this tool, for example, what kind of data they want to 
visualize (TTI Trace or TCP Parse), or what datatype they have (Uplink/Downlink). Bip-
per, then, generates an output as mingled data. Mingled data is sent to EMIL as input. In 
order to send these files to EMIL, users need to drag and drop them manually. Then, they 
need to choose each element they want to visualize manually. After that, EMIL will gen-
erate the corresponding visualizations. 
When working with a huge amount of files and data, these manual processes will take 
time and effort from end user’s point of view.  It will many hours for testers to browse 
these files to one tool and then use the output of the first tool to drag-and-drop it to the 
second tool. Besides, these repeat processes cannot filter incorrect data efficiently from 
the beginning. Users must check the missing parameters manually. Otherwise, they will 
not know it until encountering some errors during the visualization process. 
In order to solve this problem, we came up with the idea of automating these processes 
under one single application. With this application, users only need to browse the raw 
data to it and the application, then, will generate corresponding visualization. The idea of 
this application is to help users save more time and energy with these handy tasks. This 
application will filter the data, discard the incorrect one, mingle them and visualize them. 
Everything is done inside the application. 
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2.2 5G Networks 
Since this application is designed for 5G data visualization, it is necessary to understand 
some basics of cellular systems and 5G in general. Hence, we will discuss 5G networks 
in this section. The evolution of cellular networks is less than 50 years old, yet an eventful 
one. In each generation of communication technology, there are several differences and 
innovations are also being released. 5G is the newest communication standard, which is 
expected to accelerate the entire cellular network to not only interconnect people, but also 
handle a massive number of machines, objects, and devices. It is also forecast  to deliver 
the new levels of performance and efficiency that empower new user experiences and 
connect new industries. 
2.2.1 5G Standards and Use Cases 
It is obvious that standards play an important role in telecommunication industry. Other-
wise, it could be a chaos if each manufacturer and each wireless service provider devel-
oped its own systems without regard for compatibility with other companies’ equipment. 
Without it, the vendors could probably charge customer as much as they like. Therefore, 
a standard has been established so that different equipment from different manufacturers 
can function together. 
In 3GPP (3rd Generation Partnership Project), seven organization partners (ARIB, ATIS, 
CCSA, ETSI, TSDSI, TTA, TTC) has united a telecommunications standard development 
for our 3rd generation network. This agreement has provided a stable environment to pro-
duce a complete system description that defines the technologies of 3GPP. In 2018, an 
official standard for 5G network technologies has been agreed and approved by 3GPP.  
According to this agreement, there are five main categories for 5G as can be seen in Figure 
2. /6, 7/ 
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Figure 2. 5G main service targets 
However, these categories can be minimized and distributed over three major vertical of 
5G services. The International Telecommunication Union (ITU) has given three Key Per-
formance Indicators (KPIs) that needs to be fulfilled in 5G service. These three KPIs are: 
enhance Mobile Broadband (eMBB), massive Machine Type Communication 
(mMTC), ultra-Reliable Low-latency Communication (uRRLC). Figure 3 gives a 
closer look in 5G usage scenario. 
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Figure 3. 5G main scenarios 
1. eMMB (Enhanced Mobile Broadband) 
eMMB stands for enhanced Mobile Broadband, and it is one of the major use cases for 
the 5G technology and is considered as the first phase of 5G. eMMB is an evolution based 
on existing 4G networks. This extension concentrates on delivering high data rates across 
a wide range of coverage area. With eMBB use cases, there are some attributes that 5G 
needs to deliver, such as higher capacity, enhanced connectivity and higher user mobility 
./8/ 
2. mMTC (Massive Machine Type Communication) 
mMTC stands for Massive Machine Type Communication. It is considered as one of the 
services associated with Machine-type communications (MTCs), which forms the back-
bone of massive and high-density Internet of Things (IoT) devices. mMTC provides con-
nections to large numbers of devices that intermittently transmit huge amount of traffic. 
mMTC is also one of the key technologies needed to scale up the connectivity inside our 
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ICT infrastructure, from sporadically use in individual sector to its general use by public 
entities. 
3. URLLC (Ultra-Reliable Low Latency communication) 
One of the key features of URLLC (Ultra-Reliable Low Latency communication) is LL 
(Low Latency). This feature allows network to be optimized for processing incredibly a 
huge amount of data with minimal latency (or delay). LL enables an extreme responsive-
ness as it guarantees latency to be 1ms or less in our wireless network. This use case is 
demanded for some critical tasks such as remote surgery, telemedicine and autonomous 
vehicles. URLLC is considered as one of the most promising addition to 5G capabilities. 
However, it will also be the hardest to secure. /9, 10/ 
2.2.1 5G Phases and Timing 
Just like the testing and roll out process of previous wireless services over the past dec-
ades, 5G testing will also go through several phases. Each of these phases ensure the 
problems to be discovered early enough to avoid further consequences. As shown in Fig-
ure 4, testing and deployment of 5G NR is expected to take several years to be done. 
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Figure 4. 5G Phases Testing and Deployment Timing/11/ 
5G will be divided and deployed into different phases. Two major deployment alterna-
tives defined by 3GPP are known as 5G New Radio (NR) non-standalone and 5G New 
Radio Standalone. 
In the first phase, voice transmission is still being carried in the backbone of the previous 
network generation - LTE (Long Term Evaluation). This phase is known as Non-
standalone (NSA) 5G.  NSA 5G also uses the existing radio and core network from LTE 
as control plane while adding a new 5G carrier to boost data rate and reduce latency/12/. 
In other words, NSA is the 5G deployment consists of 5G radio network (gNodeB) and 
4G core network (Evolution Packet Core - EPC). NSA concentrates on eMMB, where 5G 
supported mobiles will use mm-Wave frequencies to increase data capacity. 
The next phase is known as Standalone (SA) 5G NR. SA will provide an end-to-end ar-
chitecture, including 5G’s full control user plane. In other words, SA contains a 5G Radio 
Network and 5G Core Network. Figure 5 below shows the difference between NSA and 
SA deployment in 5G networks. 
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Figure 5. 5G NSA and SA deployment (Source: GSMA 5G deployment guide) 
5G radio technology is used in both NSA and SA. New Radio satisfies emmB use case as 
it uses high bandwidth needs and it is enough in the beginning for operators who seek 
mainly highspeed connectivity to their customer. However, SA is the deployment goal 
because it brings all possible technologies to the telecommunication industry: high 
throughput, low latency, massive IoT connectivity and network slicing. 
2.3 5G New Radio  
5G NR (NR for New Radio) is the term used to the newest radio technology being devel-
oped to support features of 5G. This technology is programmable, flexible and capable of 
satisfying a huge amount of purposes inside telecommunication industry. The physical 
and datalink layer of 5G on radio interface are entirely different from its predecessors, 
therefore analyzing and studying them is of extremely importance. This thesis involves 
the understanding and processing of 5G signal at the radio interface.  
2.3.1 Field Testing Parameters 
In this section, we will inspect the 5G field testing parameters, which elements have been 
involved in this testing process and how each element interacts with each other in uplink 
and downlink pertaining to cellular network, radio uplink is the transmission path from 
UE (cell phone) to base station (cell site). Oppositely, radio downlink is the transmission 
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path from the base station to UE. Before going into details about the whole testing pro-
cess, the terminologies of two most important testing elements in  5G networks and mo-
bile cellular network, which is also known as UE (User Equipment) and gNodeB are in-
troduced. 
1. User Equipment 
User Equipment (UE) is a term that represents any devices used directly by end-user in a 
mobile network to communicate. UE is a device, which initiates all the calls and it is the 
terminal device in a communication network/13/. The most popular form of UE consists 
of ME (Mobile Equipment) and SIM (Subscriber Identity Module). 
• Mobile Equipment (ME): Mobile Equipment (ME) is a mobile station's hard-
ware element and keyboard, screen, radio, circuit board, and processor com-prises 
etc./14/ 
• SIM (Subscriber Identity Module): SIM (Subscriber Identity Module) usually 
referred to as a SIM card which is also known as the user subscription to the mo-
bile network. SIM contains relevant information that enables access onto the sub-
scribed operator’s network./15/ 
The example of UE varies from smartphones, laptops equipped with mobile broadband 
adapter to any other devices in telecommunication. In this thesis, UE refers to 
smartphones with 5G enabled features. 
2. gNodeB 
In a cellular communication network, a coverage area or a geographic region is divided 
into a number of cells and each cell is served by a call base station for the infrastructure 
function. Before going into details with gNodeB, Base Station (BS) is discussed first. BS 
is an equipment that facilitates wireless communication between UE and network. The 
network can be any wireless communication method such as GSM, CDMA, 
WCDMA,and WiFi/16/. 
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In GSM (Global System for Mobile) network, as known as 1G, base stations are called 
BTS or Base Transceiver Station. When migrating to 3G, the BSs were assigned a new 
terminology called NodeB. NodeB uses WCDMA (Wideband Code Division Multiple 
Access) via air interface to establish a connection wirelessly between UE and the mobile 
network. The number of nodeBs is controlled by RNC (Radio Network Controller). RNC 
then connects the NodeBs to mobile core network. In 4G LTE networks, NodeB is en-
hanced and the new version is called eNodeB (evolved Node B). In this version, eNodeB 
also acts as RNC for the network. It means that there are no separated entities needed for 
radio function like what we had in the previous network generation./17/ 
When it comes to 5G, base stations are called gNodeB (Next Generation Node B). 
gNodeB handles radio communication with UE using 5G NR air interface. In its most 
basic form, gNodeB connects to 5G Core Network.  
Figure 6 illustrates the deployment scenario of 5G networks. Low latency and high air 
interface efficiency allow modern network techniques to reduce time delays over a few 
TTIs (time transmission intervals) via the antenna. Therefore, some modifications in 5G 
RAN architecture have been made. 
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Figure 6. Example of 5G Deployment  
Evolving from 4G/LTE to 5G NR transport architecture, the main change in the architec-
ture is that the original BBU function in 4G/LTE is split into three parts: Central Unit 
(CU), Distributed Unit (DU), and Remote Radio Unit (RRU) /18/.  
• Remote Radio Unit (RRU): Remote Radio Unit (RRU) is also known as Remote 
Radio Head (RRH). It is the RF circuitry of a base station. The RRH performs all 
RF (Radio Frequency) functionality, such as transmit and receive functions, fil-
tering, and amplification. RRU contains the base station’s RF circuitry plus ana-
log-to-digital or digital-to-analog converters and up/down converter/19/. RRU is 
responsible for communication through a physical interface. 
• Baseband Unit (BBU): A baseband unit (BBU) is a unit that processes baseband 
in telecommunication systems. It includes gNodeB main functions such as user’s 
data transfer, mobility control, RAN sharing, and session management. A typical 
base station consists of a baseband processing unit and the RF processing unit (as 
known as RRU). This unit is placed inside the laboratory and connected to RRU 
via an optical fiber. BBU is comprised of digital signal processor to process both 
forward and reverse voice signals to and from a mobile unit. /19/ 
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When migrating to 5G RAN architecture, BBU has been divided into different smaller 
functions. According to the 5G RAN architecture deployment, the logical architecture of 
gNodeB includes two units, which are CU and DU. 
• Central Unit (CU): Central Unit (CU) is a logical node hosting RRC, SDAP and 
PDCP protocols of the gNodeB. It also controls the operation of one or more DUs 
[1] 
• Distributed Unit (DU): Distributed Unit (DU) is a logical node includes a subset 
of the gNodeB’s functions. This logical node host RLC, MAC and PHY layers of 
the gNodeB. Its operation is controlled partly by CU. One CU can connect to 
multiple DUs. The maximum number of connected DUs is only limited by imple-
mentation. One DU can support one or multiple cells and one cell is only sup-
ported by one DU./20/ 
The main architecture for this new RAN is to reduce the capacity requirements as well as 
the latency. In other words, this new architecture also enables the URRLC usage scenario 
as we have mentioned in the previous section. 
2.3.2 5G Radio Frame Structure 
Compared to LTE numerology (subcarrier spacing and symbol length), NR embraces 
multiple types of subcarrier spacing. Figure 7 illustrates the radio frame numerology as 
well as its subcarrier spacing and cyclic prefix (CP). The scalable subcarrier spacing is 
calculated based on the equation 𝛥𝑓 = 2µ. 15. 
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Figure 7. Numerology and Subcarrier Spacing /21/ 
As can be seen, each numerology is labelled as µ. When µ = 0, it represents 15kHz, 
which is the same value as LTE /21/. Figure 8 shows some numerology examples and its 
subcarrier spacing. 
 
Figure 8. Numerology Example /22/ 
In every 0.5 ms, all symbols within 0.5 ms have the same length. Each symbol length 
equals the sum of corresponding 𝛥𝑓 at that point. 
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Depending on the type of numerology, the radio frame structure gets a bit different. How-
ever, NR is divided into frames with 10ms each. Each frame contains 10 subframes, which 
means that subframe has a fix duration of 1ms. OFDM symbols are grouped in a slot. In 
order to differentiate the properties of different numerology, different number of slots is 
put within one subframe. When we put different number of slots within one subframe, the 
symbols within a slot is also varying /21/. Figure 9 illustrates the radio frame structure 
for each numerology and its corresponding slot configuration. 
 
Figure 9. 5G Radio Frame Numerology /21/ 
 In the table, the first column represents µ as known as the numerology. The second col-
umn contains 𝑁𝑠𝑦𝑚𝑏
µ
 or the number of OFDM symbols inside a slot. The third column is 
𝑁𝑓𝑟𝑎𝑚𝑒
𝑠𝑙𝑜𝑡𝑠 µ
 or the total number of slots inside a radio frame. The fourth column speci-
fies 𝑁𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒
𝑠𝑙𝑜𝑡𝑠 µ
, which is the number of slots inside a subframe /21/. Figure 10 shows an 
example of framing structure for numerology when µ = 0 and slot configuration is equal 
to 1. 
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Figure 10. Slot configuration=0, numerology=1 /21/ 
The corresponding resource grid for this example is shown in Figure 11. Each OFDM 
symbol contains a fixed number of subcarriers, which depends on selected numerology 
and the total bandwidth. The Resource Element is described as 1 unit of subcarrier in 
OFDM symbol. Resource Block is a group of 12 Resource Elements in frequency and 
each Resource Element is separated with a specific subcarrier spacing. /23/ 
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Figure 11. Resource Grid /23/ 
2.3.3 Subframe Structure’s Determined Factors 
In order to meet the short latency requirement in 5G, the subframe length should be much 
shorter than 1ms. Hence, short subframe is proposed. According to 3GPP, four elements 
are proposed as main factors that determine the structure of the subframe. /24, 25/ 
• Subcarrier Spacing: Subcarrier Spacing is recommended to vary with the fre-
quency of spectrum and maximum UE speed to minimize the phase noise. 
• Number of Symbols per TTI: The number of symbols per TTI is proposed to be 
scaled as 2𝑛. It ensures the flexible downscale from 2𝑛 to 1 in order to achieve 
URRLC requirements. 
• Cyclic Prefix (CP) Length: This value is determined by deployment type, service 
type or the availability of beamforming technology.  
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• TTI Length: TTI length is calculated by different latency requirement in different 
service types or uplink/downlink. 
2.3.4 Channels and Signals 
When information is transmitted between different layers, it needs channels to ensure the 
transmission process. Channels help separating different data types and transporting 
across different layers. According to 5GXcast, the channels and signals inside 5G are 
described as: /23/ 
1. Downlink Channels and Signals 
• Physical Broadcast Channel (PBCH): Transmit System Information (SI)’s 
static part to all UEs, which requires to access network. 
• Physical Downlink Control Channel (PDCCH): Configures HARQ (Hybrid 
automatic repeat request) retransmission, link adaption and MIMO parameters. 
PDCCH also specifies data scheduling and allocation for every UE requesting it. 
• Physical Downlink Shared Channel (PDSCH): Used for data content transmis-
sion to UE. It also conveys UCI transmission. 
• Primary and Secondary Synchronization Signals (PSS, SSS): Provides net-
work access to UE, radio frame timing information. Cell Index during cell search, 
and beam management service in IDLE state.  
• Demodulation Reference Signal (DMRS): Estimates channel to allow demodu-
lation for PBCH, PDCCH and PDSCH. 
• Phase Tracking Reference Signals (PT-RS): Estimates phase noise in PDSCH 
at high frequency ranges. 
• Channel State Information Reference Signal (CSI-RS): Provides Channel 
State Information (CSI) for link adaption and beam management in CON-
NECTED state. 
  
2. Downlink Channels and Signals 
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• Physical Random Access Channel (PRACH): Used during beam management 
processed and during requesting from UE to initial uplink access. 
• Physical Uplink Control Channel (PUCCH): Used to carry Uplink Control In-
formation (UCI). 
• Physical Uplink Shared Channel (PUSCH): Used for data content transmission 
to gNodeB. It also conveys UCI transmission. 
• Demodulation Reference Signals (DMRS): Used to estimate channel in order to 
allow PUCCH and PUSCH demodulation. 
• Phase Tracking Reference Signals (PT-RS): Estimates phase noise in PDSCH 
at high frequency ranges. 
• Sounding Reference Signals (SRS): Sets configuration to link adaption and 
scheduling by providing CSI to gNodeB. 
2.3.5 5G NR Layer 2 Protocol Stack 
In this thesis, 5G NR Layer 2 is discussed since the whole process from testing to gather-
ing data has been done on this layer. The Layer 2 functions in 5G NR are split into dif-
ferent sub layers: 
• SDAP (Service Data Adaption Protocol): SDAP's main services and functions 
include mapping in both DL and UL packets between a QoS flow and a data radio 
bearer and marking the QoS flow ID (QFI). 
• PDCP (Packet Data Convergence Protocol): PDCP includes several functions 
such as transfer of data (user plane or control plane), ciphering and deciphering, 
integrity protection and integrity verification. 
• Radio Link Control (RLC):  The main services and functions of the RLC sub-
layer depend on the mode of transmission of the upper layer PDUs, the PDCP-
independent sequence numbering, error correction, segmentation and re-segmen-
tation, duplicate detection, discard, RLC reset and protocol error detection. 
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• Medium Access Control (MAC): MAC sublayer includes the following func-
tions, such as mapping between logical channels and transport channels, multi-
plexing/demultiplexing, scheduling information reporting, error correction and 
priority handling between UEs by means of dynamic scheduling. 
Basically, the MAC sublayer offers logical channels to the RLC sublayer. The RLC sub-
layer provides RLC channels to the PDCP sublayer. The RLC sublayer provides RLC 
channels to the PDCP sublayer. The SDAP sublayer offers to 5GC QoS flows. 
Figures 12 and 13 indicate the structure of these two layers in 5G networks. Radio Bearer 
are categorized into two groups data radio bearers (DRB) for user plane and signalling 
radio bearer (SRB) for control plane data./26/ 
 
Figure 12. DL layer 2 structure /26/ 
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Figure 13. UL Layer 2 Structure /26/ 
 
2.3.6 Massive MIMO (Multiple Input Multiple Output) 
Massive MIMO is one of the key techniques used in any 5G network. Indeed, it is gener-
ally considered a crucial enabler and fundamental feature of 5G. In this section, we will 
discuss Massive MIMO as it plays an important role during the testing process inside this 
thesis implementation. Massive MIMO (Massive multiple-input, multiple-output) is a 
technique which provides improved coverage and efficiency in the spectrum. The main 
idea is to equip base stations in the same time-frequency resource with multiple antenna 
arrays, which are used to support several terminals simultaneously. The term "massive" 
refers to antenna number and not the physical size of system. In Massive MIMO, an array 
learns about a channel in both directions by obtaining channel estimates from uplink pi-
lots transmitted by terminals. It makes the system completely scalable in terms of the 
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number of antennas at the base station. The Massive MIMO base stations work autono-
mously, without exchanging payload data or channel state information with other cells 
/27/. Figure 14 shows how Massive MIMO technique is illustrated in reality. 
 
Figure 14. Massive MIMO Technique /27/ 
 
2.4 Testing Process 
The general picture of 5G testing process inside Nokia Field Verification can be seen in 
Figure 15 below. 
 
Figure 15. General testing scenario 
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The testing process begins when Field Verification (FiVe) engineers start driving test cars 
(vans) around different testing fields. These cars contain a huge amount of UE inside it. 
While driving cars around these testing fields, FiVe engineers start the testing process by 
sending signal from UEs to gNodeB and waiting for the response from the gNodeB’s 
side. This process is called signal transmission testing. Signal transmission will be done 
on multiple UEs from different testing fields. 
Normally, the transmission time interval (TTI) is set automatically from x minute to y 
minutes. In other words, after x to y minutes, there will be a signal generated and trans-
mitted automatically from UE devices to 5G base station vice versa. 
Figures 16 and 17 show an example of 5G test cars and 5G base stations gNodeB in the 
reality. 
 
Figure 16. Nokia 5G test cars in Dallas, Texas 
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Figure 17. 5G New Radio Base Station (gNodeB) 
After this step, gNodeB (or BBU to be more accurate) will record corresponding logs for 
uplink and downlink data transmission. These logs will be retrieved and securely sent to 
Nokia Cloud. Each base station will have their own folder to store data on the cloud. 
Inside this specific folder, all the “TTI traces” data generated during the signal transmis-
sion testing process are recorded and saved under Comma-Separated Values (.CSV) for-
mat. The next step is to analyze these variables and evaluate the whole process. 
The development of this thesis lies on these TTI traces data generated from gNodeB. With 
these logs, testers can easily analyse their testing and trace backward the gNodeB if there 
are any problems existed during the testing process. This will be discussed further in Im-
plementation section. 
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3 TOOLS AND TECHNOLOGIES 
In this chapter, the tools and technologies that have been used while building the appli-
cation are presented.  In addition, an account how these tools and technologies work as 
well as their main functions in the developing process of this application is given. 
3.1 Nokia Bipper 
Nokia Bipper is a tool, which is designed for deeply parse L2 network (PDCP, RLC, 
MAC) data as well as TTI traces reformat to human readable file. The tool will mangle 
starting from the point, which indicates data given by users. Figure 18 indicates all files, 
which were parsed by Bipper within the tools running process. 
 
Figure 18. L2 TTI traces data 
After parsing, the newly output file has an extra underscore symbol in the end of its name. 
Taking an example from Figure 11 above, “L2TtiTrace_EventsSnapshot.bin.43.dl_.csv” 
indicates the parsed output file while “L2TtiTrace_EventsSnapshot.bin.43.dl.csv” is the 
original raw data. 
3.1 Nokia EMIL 
Nokia EMIL is a L2 Analyzer/Viewer tool, which acts as an element to analyze the col-
lected data. It is designed for radio network diagnostics and acts as a typical troubleshoot-
ing tool. EMIL manages hard disk memory by storing the monitoring files into appropri-
ate folder as well as splitting files base on time and space. The biggest role of EMIL in 
this automated tool is to analyze and visualize testing parameters. The end user can write 
their own testing profile, filter their testing rules and see the relating visualization. The 
tools also flexible for searching, sorting and summary options. EMIL is developed in 
continuous delivery mode.  
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3.2 Python 
Python is an interpreted, high-level, general-purpose programming language. Its language 
constructs and object-oriented approach aim to help programmers write clear, logical 
code for various scaling sizes of projects. It is dynamically typed and garbage-collected. 
Python supports multiple programming paradigms such as procedural, object-oriented, 
and functional programming./28/ 
3.2.1 Tkinter 
The Tkinter module is known as the standard Python interface to the Tk GUI toolkit. Both 
Tk and Tkinter are available on most of the Unix platforms, as well as on Windows. 
Tkinter is not the only GUI (Graphic User Interface) Programming toolkit for Python but 
also the most commonly used one/29/. In this thesis implementation, Tkinter is used to 
assist the GUI generator tasks for the application. Figure 19 shows an example of a GUI 
generated using Tkinter. 
  
Figure 19. How GUI is generated by Tkinter/30/ 
In order to start, we import Tkinter module and initialize it by creating a root widget. It is 
a window with title bar and other decoration provided by the window manager. A root 
should be created before any other widgets. The label widget can display either text or an 
icon or image. With the mainloop, the program will stay until we close the window. /30/ 
3.2.2 Pandas 
Pandas stands for “Python Data Analysis Library”. Pandas is a fast and powerful libarary, 
which is commonly used for open source data analysis and manipulation. In particular, 
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pandas offers data structures and operations for manipulating numerical tables and time 
series/31/. The biggest function of Pandas is that it takes data (CSV, TSV, SQL) and 
creates a Python object with rows and columns called “data frame”. Data frame looks 
very similar to table in a statistical software. Therefore, it is much easier to work with in 
comparison to traditional list or dictionaries through for loops or list comprehension /32/. 
It also saves time for the developer and data analysis while executing a large data. Figure 
20 shows how Pandas Data Frame is constructed. 
  
Figure 20. Pandas Data Frame, Source: Sharp Sight. 
3.2.3 OS 
The OS module in Python provides functions for interacting with the operating system 
(OS). When imported, it allows user to interact with the current OS, which the program 
is currently running on. OS, comes under Python's standard utility modules. This module 
supports users a portable way of using operating system dependent functionality. In sim-
ple terms, it provides an easy way for the user to interact with several OS functions that 
come in handy in day -to -day programming. The*os* and *os. path* modules contain 
many functions to interact with the file system. /34, 35/ 
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4 DATA SOURCES 
4.1 TTI Traces Snapshot 
Figure 21 shows the raw .CSV data retrieved from gNodeB after testing process. Each 
gNodeB will generate different data and the number of .CSV files base on the number of 
tests have been done earlier. In order to evaluate the testing process, FiVe engineers need 
to visualize these data and analyze it. 
 
Figure 21. CSV data retrieved from gNodeB 
As can be seen in Figure 21, all these retrieved data have a similar name format as 
“L2TtiTrace_EventsSnapshot”. L2 means that the TTI traces testing has been done in 
Layer 2 of 5G protocol stacks. The corresponding number assigned to the file’s name 
represents the index of testing has been made. TTI Trace is the name of these tests, “dl” 
stands for downlink and “ul” stands for uplink.  
These data contain several important characteristics of the testing process between UE 
and gNodeB. Some important variables are also listed inside this file, such as time slot, 
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cell index, data volume, number of layers, beam index, channel quality indicator as well 
as behaviour of some physical channel’s during the testing process. 
However, these raw data are not well-organized and not yet usable. In order to make use 
of it, Nokia Bipper is needed to re-organize the data structure as well as mingle the whole 
data inside this raw file. Afterwards, Nokia EMIL is called to analyse and visualize these 
newly organized data.  
4.2 Data Parameters 
During TTI traces testing process, a huge amount of data has been generated and rec-
orded. However, not all data is important to be analyzed. In this section, we will focus on 
some important parameters that have been used in creating testing profile. 
Figure 22 and Figure 23 list two examples of a downlink and uplink testing profile in 
under XML format.  
 
Figure 22. Parameters storage in NR DL TTI. 
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Figure 23. Parameters storage in NR UL TTI 
These profile parameters are stored inside different tags in XML file. This XML file will 
be installed as with a stack inside Nokia EMIL. Nokia EMIL will read parameters inside 
these tags and generate the corresponding visualizations base on that.  This will be dis-
cussed further in “Implementation” section. 
As can be seen in the figure, we have some parameters that need to be visualized. Two 
most significant variables, which are used to scale and filter the x-axis of the graph inside 
both DL and UL data are SFN and RNTI. 
Under the value section, we also have mutual variables such as rrmUsedMcs and 
txNumber. In the subsections below, the general usage of these parameter in telecommu-
nication as well as 5G networks will be discussed. 
4.2.1 SFN (System Frame Number)  
SFN stands for System Frame Number. In telecommunication, it is important to have the 
transmitter and receiver operate  in the synchronized mode. In other words, transmitter 
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and receiver have their own clock and they have to synchronize these clocks before the 
communication starts. Like our analog clock, 5G clock also has two arms. 
• First arm: ticks every 10ms 
• Second arm: ticks every 1ms 
The first arm interval will range between 0 and 1023 (or 210). These values are called 
SFN. The other arm ticking in 1ms interval has numbers between 0 and 9, this number is 
called subframe number. If the subframe number hits the maximum value, 9 for example, 
it goes back to 0 immediately and the SFN number is increased by 1. When the SFN 
number hits the max value (i.e. 1023), it goes back to 0 [2]. Figure 24 summarizes the 
different timers based on its type. 
 
Figure 24. Summary of different timers /35/ 
As seen in Figure 23, SFN has a maximum time that can go up to 10240 ms (equivalent 
to 10.24 seconds).  
4.2.2 RNTI (Radio Network Temporary Identifier) 
RNTI stands for Radio Network Temporary Identifier, which is a kind of identification 
number. Normally an identification number is used to differentiate one thing from all 
other similar things. Similar things applied on RNTI, it is used to identify one specific 
radio channel from other radio channel and one user from another user.  
If UE has no idea about the exact RNTI values for each of the cases, it will not be able to 
decode the radio channel messages even though the message reaches the UE intact. There 
are many RNTI types and different types will have different functions. Figure 25 shows 
the range of value, which is allocated to each RNTI types 
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Figure 25. RNTI types and Value 
As the RNTI values in TTI traces data range from 0961-FFF3, the allocated type for these 
values are CRNTI. CRNTI has several useful functions, such as dynamically schedule 
unicast transmission and triggering PDCCH (Physical Downlink Control Channel) or-
dered random access/36/. In PDCCH, the scheduling assignments and other important 
control information are carried. 
4.2.3 rrmUsedMcs 
The first parameter discussed here is rrmUsedMcs or as known as rrmDlUsedMcs and 
rrmUlUsedMcs accordance to downlink and uplink data. Literally, the role of rrmUsed-
Mcs has no significant differences if we compare these DL and UL data with each other.  
The acronym of this parameter is divided into three main parts, which are RRM (Radio 
Resource Management), DL/UL (Downlink/Uplink) and MCS (Modulation and Coding 
Scheme). 
Radio resource management (RRM) is described as the system level management of co-
channel interference, radio resources, and radio transmission characteristics inside a wire-
less communication systems /37/. Major RRM functions are call admission control and 
resource control for ongoing calls.  
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Call admission control includes both new calls and handoff calls.  
• Handoff call is a call that originates in one cell. However, it requires and re-
quests resources in another cell.  
• A new call is a call that requests access to cellular system and only originates 
inside one specific cell. 
Resource control for ongoing calls distributes the radio resources among existing users to 
satisfy QoS (i.e. good voice quality, fast data retrieval, etc). Efficient RRM cost-effec-
tively enhances the capacity./38/ 
Modulation is the process of varying one or more properties of a periodic waveform, 
called “carrier signal”, with a modulating signal that typically contains information to be 
transmitted/39/. MCS index values can be used to determine the data rate of one’s cellular 
network connection and MCS is related to Modulation Order. 
Modulation Order consists of digital communication scheme. This communication 
scheme is determined by the number of different symbols that can be transmitted using 
it. It can only be defined for digital modulations. Hence, most of modulations have an 
order which is the power of 2 (i.e. 2, 4, 8, 16, etc). The simplest forms of digital modula-
tion are of second order as they only transmit two symbols (usually denoted with 0 and 
1). They are called “Binary Shifting Key” (BPSK). Modulation, which have an order of 
4 or above usually are known as higher-order modulation (i.e. QPSK, 16 QAM, 64 
QAM)./40/ 
In 3GPP, modulation order is defined as a parameter called Qm. The relationship between 
Qm and MCS values are defined differently for UL transmission and DL transmission. 
Figure 26 shows mapping between MCS and Qm in the two both scenarios./41/ 
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Figure 26. MCS index table for DL 
The target code rate is defined as the ratio of the data rate that is allocated for that sub-
frame and the maximum data that ideally can be allocated in the subframe. Basically, 
the equation of this parameter can be calculated as: 
𝑇𝑎𝑟𝑔𝑒𝑡 𝐶𝑜𝑑𝑒 𝑅𝑎𝑡𝑒 =
𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑎𝑡𝑎 𝑖𝑛 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒
 
In order to calculate the data rate, we have: 
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𝐷𝑎𝑡𝑎 𝑅𝑎𝑡𝑒 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑎𝑡𝑎 𝑖𝑛 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒 × 𝑇𝑎𝑟𝑔𝑒𝑡 𝐶𝑜𝑑𝑒 𝑅𝑎𝑡𝑒 
Take the 𝑀𝐶𝑆 𝑖𝑛𝑑𝑒𝑥 = 0 for example, the corresponding data rate for this index is 
𝑅 × 1024 = 120. It means that the maximum data in this subframe is 1024 bps and 
only 120 bps has been used. 
The similar idea and equation are also applied for MCS index value in Uplink. 
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Figure 27. MCS value for UL 
As can be seen in the MCS table in Figure 27, with same MCS index values, the spectral 
efficiency is much lower in uplink than downlink data. With MCS index values, we can 
easily search for its modulation order and efficiency 
4.2.4 beamID 
BeamID is a parameter that indicates beam index inside the transmission testing process. 
In order to understand this parameter, a “beam” will be defined. What is “beam” and why 
do we need it in 5G networks? 
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By nature of the wave in physics, we can only transmit a signal in all direction (A) or 
relatively wide angles (B) when we use low and middle range of frequency. The trans-
mission coverage of these two scenarios can be seen  in Figure 28.  
 
Figure 28. Signal transmission coverage 
When we use a very high frequency, we would not have much choice except using a huge 
antenna array (or as known as Massive MIMO – Multiple Input Multiple Output). As a 
result of using this kind of huge antenna array, the resulting radiation would be a beam as 
figure (C) has been illustrated. 
In case of not using huge antenna array as in (A) and (B), a single transmission can cover 
a lot UEs simultaneously. As long as the radiation has a beam-shaped as shown in (C), it 
is very difficult to cover multiple UEs in single transmission. To handle this problem, we 
need a very sophisticated idea of managing the beam to cover the multiple devices in all 
directions and the management should be different depending on different situations. Fig-
ure 29 illustrates the UEs coverage differences in different signal frequency/42/. 
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Figure 29. Signal coverage with multiple UEs 
In 5G networks, we have multiple beams that needed to be managed. beamID is an useful 
parameter for us to track different beams during the transmission process. 
4.2.5 Tx Number 
Tx Number stands for Transmit Number. In wireless communication, transmit is the act 
of sending data through the air from on device to another device or group of devices. 
When UE measures different Tx beams to support selection of Tx beam(s)/ Rx beam(s), 
it typically includes a Tx beam sweep from a set of different beams. Tx Number parameter 
is used to record TX beam values in time.  
Figure 30 illustrates the TX beam selection process. 
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Figure 30. Beam Selection Process 
4.2.6 CurrentBestBeamID 
When applying for beam, we have two different scenarios: transmitting case and receiv-
ing case. An effective transmission is a transmission that achieves the best signal quality. 
It means that gNodeB and UE has to figure out a direction that they can reach receiver 
with best signal quality. 
• When gNodeB is transmitting, it will evaluate the quality of a specific reference 
signal of multiple beam from UE. gNodeB evaluates the quality of the reference 
signal from each of the multiple beam and chooses the best one. 
• When UE is transmitting, UE figures out specific reference signal of multiple 
beam from gNodeB. UE evaluates the quality of these signals and choose the best 
one.  
In the beginning, gNodeB sweeps beam. Then, the best one among beams that gNodeB 
has generated are chosen by UE. The best beam information is reported back to gNodeB. 
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The CurrentBestBeamID parameter stores the index of these best beams during this pro-
cess./42/ 
4.2.7 rrmAvgCqi 
The acronym of rrmAvgCqi is divided into three different parts: RRM (Radio Resource 
Management), Avg (Average) and CQI (Channel Quality Indicator). 
CQI stands for Channel Quality Indicator. It is an indicator, which carries the information 
on how good or bad the channel quality is during its corresponding communication. It is 
used by the UE to indicate channel quality to gNodeB. It also indicates the level of mod-
ulation and coding the UE could operate. Normally, the CQI value ranges from 0-30. 30 
indicates the best CQI and 0,1 indicate the poorest CQI. 
4.2.8 numofLayers 
This variable indicates the protocol layer that the testing process is happening. As the 
whole TTI traces has been done in layer 2, hence, this value always remains as 2 for both 
testing in UL and DL.  
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5 IMPLEMENTATION 
This chapter will describe the software implementation. The general software architecture 
of this project is described first, Then, specific functions and components as well as how 
they interconnect with each other inside project walkthrough section are discussed. 
5.1 Software Architecture 
Figure 31 illustrates the software architecture as well as how main functions and software 
components interconnect to each other. The main components in the software structure is 
Nokia Bipper and Nokia EMIL, as the whole automated application was built on these 
two tools. 
 
Figure 31. General Structure of Software Implementation 
The process starts when the user browses raw data to the tool. In the beginning, the soft-
ware will filter the raw data into two different categories, which are labelled as “correct” 
and “incorrect”. With the “incorrect” one, data will be discarded and moved to another 
folder. Users can modify, remove or delete this folder base on their needs. The “correct” 
data will be sent straight to Nokia Bipper tool. Bipper will start parsing the raw data and 
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generate a newly mingled one. The new path for mingled data will be saved and returned 
to EMIL tool. 
Afterwards, the mingled data will be analysed by the display function in the software. 
This function will plot some important data, such as the number of CRNTI, rrmIDUsed-
MCs and Tx Number. GUI, then, will give users options to apply on their testing profile. 
The user can choose what CRNTI they want to see. Once the CRNTI values are submitted 
to EMIL, EMIL will visualize all the corresponding values of CRNTI base on default 
parameters stored inside XML file. The new software tool also allows the user to save 
visualization images inside their local computer. 
Literally, users will input the raw data to this tool and it will give users the corresponding 
visualization as an output. 
5.2 File Manifest 
There are total seven sub-programs for the whole tool as can be seen in Figure 32. 
 
Figure 32. Software Structure 
Each sub-program will serve different problems relating to the TTI traces, these functions 
assigned for each sub-prorgrams can be described as: 
• main.py: contains main functions for this program, such as creating form, de-
clares global variables, initialize and restart the tool. 
• gui.py: contains functions related to GUI, such as notifying/printing function. 
• browse.py: contains functions for Browsing object, such as filter data, discard 
data and bipper data. 
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• insertion.py: contains function relating to the manipulation or insertion inside 
CSV data. 
• emil.py: contains function executing EMIL software. 
• crnti.py: contains some plotting functions relating to CRNTI. 
• config.py: contains configuration for the whole program. 
5.3 Software Components 
In this section, an end -to -end process of this software will be described, from the point 
where it starts working until it returns the visualization. Software components in each 
step are also discussed in the code level. 
5.3.1 GUI Components 
The software components for graphical user interface are discussed first. Until this mo-
ment, GUI contains two separated classes, which are a form that helps the user to fill the 
gNodeB address they want and a browsing object that allows user to browse TTI traces 
data. 
5.3.2 Inserting Raw Data 
The data is passed to the tool through browsing action. Figure 32 shows how browsing 
function has been implemented in the tool. Function browse() will open a dialog window 
to let user specify the path of CSV files to be inserted, as shown in Figure 34. 
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Figure 33. Browsing function 
The askopenfilename function creates a file dialog object and requests selection of an 
existing file. This function will simply show the dialog and return the file name that cor-
responds to existing files. In other words, when calling browse function, the local path of 
chosen file will be returned.  
5.3.3 Filter Raw Data 
As long as the file dialog object is holding a file, the filter function will be applied and 
performed. The filter function will take the aforementioned file’s path and a “key” as its 
input. This “key” represents keywords characteristic inside the raw data. UL and DL have 
different key characteristics. The existence of this key defines whether the TTI traces data 
is valid or not. Thus, it will iterate through each line inside this data to find the “key”. 
Figure 34 shows how the filter function has been implemented. 
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Figure 34. Filtering data function 
In the beginning, the function will open CSV file in read mode. 𝑐𝑠𝑣. 𝑟𝑒𝑎𝑑𝑒𝑟() mode 
return a reader object which iterates over lines in given CSV file. Each row read from 
CSV file is returned as a list of strings. No data type conversion is performed./43/ During 
this reading process, a key search action is also performed line by line. If key is found, 
the function will return 0. Otherwise, it returns 1. 
With the correct data (when 𝑓𝑖𝑙𝑡𝑒𝑟𝑑𝑎𝑡𝑎() returns 0), a Bipper function is call afterwards 
and the raw data will be “bippered”. If 1 is being returned, a discard function will be 
called and execute. Figure 35 shows how data has been managed after the filter process. 
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Figure 35. Data management in filter function 
The tool stores variable returned by 𝑓𝑖𝑙𝑡𝑒𝑟𝑑𝑎𝑡𝑎() function inside a variable call check. 
Thus, check will be assigned 0 or 1 value based on what the 𝑓𝑖𝑙𝑡𝑒𝑟𝑑𝑎𝑡𝑎() returns. The 
execution afterwards was executed base on the binary value of check. 
The implementation and execution of two functions 𝑏𝑖𝑝𝑝𝑒𝑟() and 𝑑𝑖𝑠𝑐𝑎𝑟𝑑() have been 
implemented and executed will be presented next on a basic code level. 
5.3.4 Discard Data 
The 𝑑𝑖𝑠𝑐𝑎𝑟𝑑() function is performed when an empty TTI traces data have been inserted 
by users. Figure 37 shows how this function is implemented. 
In the implementation, we use the help of 𝑠ℎ𝑢𝑡𝑖𝑙 method. This method supports many 
functions of high-level operations on file as well as collection of files. It comes under 
Python’s standard utilities module. This model helps in automating the process of copying 
and removal of files as well as directories. When discussing about code-level, we use the 
help of 𝑠ℎ𝑢𝑡𝑖𝑙. 𝑚𝑜𝑣𝑒() method to be more specific. 
𝑠ℎ𝑢𝑡𝑖𝑙. 𝑚𝑜𝑣𝑒() method recursively moves a file or directory, as known as source, to an-
other location (destination). If the destination directory already exists, source is moved 
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inside that directory. If the destination already exists but is not a directory, then, it may 
be overwritten/44/ Figure 36 shows how discard function has been operated. 
 
Figure 36. Discard function for empty TTI traces 
As it can be seen, a new folder called empty_tti has been created and all empty TTI traces 
are being discarded and sent to this folder.  
5.3.5 Bipper Data 
With non-empty TTI traces, 𝑏𝑖𝑝𝑝𝑒𝑟() function is called and executed. This function can 
be divided into two smaller subtasks. The first task is to navigate the program to Bipper 
tool and the second task is to execute Bipper’s command. In this implementation, we are 
using OS module method to run another program. Figure 37 shows how this 𝑏𝑖𝑝𝑝𝑒𝑟() 
function is implemented. 
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Figure 37. Bipper function implementation 
The 𝑏𝑖𝑝𝑝𝑒𝑟()function is mainly performed on PC’s command line with the help of 
𝑠𝑢𝑏𝑝𝑟𝑜𝑐𝑒𝑠𝑠 module. This module allows the user to spawn new processes, connect to 
input and output pipes. It also helps the user to obtain their return codes. The underlying 
creation and management in this module are handled by 𝑃𝑜𝑝𝑒𝑛 constructor. 𝑃𝑜𝑝𝑒𝑛 offers 
much flexibility so that developers are able to cover less-common cases in programming. 
A parent process specifies the properties related to the main window of its child process. 
STARTUPINFO ‘s members specify characteristics of child process’s main window. Lit-
erally, the STARTUPINFO structure is used to specify the main window properties if a 
new window is created for the new process. In the implementation, we assign this struc-
ture to 𝑖𝑛𝑓𝑜 variable. 
𝑑𝑤𝐹𝑙𝑎𝑔𝑠 is one of the members belongs to STARTUPINFO. This member contains a bit 
field determining whether other members of the structure are used. Thus, it allows speci-
fying values for any subset of window properties. 𝑑𝑤𝐹𝑙𝑎𝑔𝑠 also forces a feedback cursor 
to be displayed during the new process initialization. In this case, 𝑑𝑤𝐹𝑙𝑎𝑔𝑠 is set as 
STARTF_USESHOWWINDOW./45/ 
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STARTF_USESHOWWINDOW navigates to ShowWindow function which specifies win-
dow’s state. Literally, it controls how the window is to be shown. SW_HIDE is a value, 
which hides the current window and activates the new one. Sometimes, SW_HIDE value 
can be represented under decimal format, which is known as 0. This mode will help users 
to avoid activating or “popping” to much command line windows on screen. Especially 
if 𝑏𝑖𝑝𝑝𝑒𝑟() function is executed multiple times./46/ 
𝑠𝑢𝑏𝑝𝑟𝑜𝑐𝑒𝑠𝑠. 𝑃𝑜𝑝𝑒𝑛() executes a child program in the new process. Because it is exe-
cuted by the operating system as a separated process so that the results will have depend-
ent platform. When we call 𝑠𝑢𝑏𝑝𝑟𝑜𝑐𝑒𝑠𝑠. 𝑃𝑜𝑝𝑒𝑛(), it means that we are calling the con-
structor of 𝑃𝑜𝑝𝑒𝑛() class. There are several arguments inside this constructor as can be 
seen in Figure 38. 
 
Figure 38. subprocess.Popen constructor arguments 
𝑎𝑟𝑔𝑠   is the most important argument inside 𝑏𝑖𝑝𝑝𝑒𝑟() function’s implementation. 𝑎𝑟𝑔𝑠 
contains the command for the process we want to run. It can be specified as a sequence 
of parameters (via an array) or as single command string /47/. The command line used to 
execute function has been merged and assigned to a local variable called “bipper” under 
string format. This “bipper” variable includes Bipper tool’s execution and it is returned 
as 𝑠𝑢𝑏𝑝𝑟𝑜𝑐𝑒𝑠𝑠. 𝑃𝑜𝑝𝑒𝑛()’s argument. Thus, 𝑠𝑢𝑏𝑝𝑟𝑜𝑐𝑒𝑠𝑠. 𝑃𝑜𝑝𝑒𝑛() will execute this 
command. After this process, the raw data will be bippered. After successful execution, 
𝑏𝑖𝑝𝑝𝑒𝑟() will return path of the newly mingled file. Figure 39 shows how file is bippered 
and located within the directory. 
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Figure 39. Bippered file 
As can be seen, the newly mingled file (31,586 kB) is much larger than original one 
(2,103kB) since bipper will iterate through all these files from chosen point. 
5.3.6 Plot Data Parameters 
In the next step, 𝑑𝑖𝑠𝑝𝑙𝑎𝑦() function will analyze and count important elements in the 
newly mingled TTI traces data. At the moment of writing this thesis, there are three dif-
ferent categories needed to be plotted, which are the total number of CRNTIs, the count 
of each CRNTI element in the file, and the rrmUsedMcs value with its corresponding TX 
number. Two functions that calculate CRNTIs related information will be explained in 
more detail. Logically speaking, they are implemented similarly. Figure 40 shows how 
these two functions are constructed in the tool. 
63 
 
 
Figure 40. CRNTIs calculation functions 
These calculations have been done thanks to the help of Pandas library. Mingled data 
returned by 𝑏𝑖𝑝𝑝𝑒𝑟() will be read into Pandas Data Frame. Pandas Data Frame is a two-
dimensional array, potentially heterogeneous tabular data structure with labelled axes 
(rows and columns)/48/. As we have discussed in the sixth chapter “Tools and Technol-
ogies”, the Pandas Data Frame consists of three principal components, the data, rows, 
and columns. 
In this tool development, a Pandas Data Frame is created by loading datasets from exist-
ing CSV file. On the first line, we will use 𝑟𝑒𝑎𝑑_𝑐𝑠𝑣(), an important Pandas function to 
read CSV files and do operation on it. On the second line, a conversion from datasets to 
data frame has been made. With Pandas initial supported functions, we can solve this 
problem in only two lines of code. Figure 41 shows how this process is implemented. 
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Figure 41. Convert datasets to data frame 
Afterwards, a data calculation is made in accordance with the count on keys for UL TTI 
traces and DL TTI traces. In the end, 𝑟𝑛𝑡𝑖_𝑡𝑜𝑡𝑎𝑙_𝑐𝑎𝑙𝑐() function will return this calcula-
tion result. 
𝑟𝑛𝑡𝑖_𝑐𝑜𝑢𝑛𝑡() function also built on the same logic with 𝑟𝑛𝑡𝑖_𝑡𝑜𝑡𝑎𝑙_𝑐𝑎𝑙𝑐() with several 
additional functions applied on the Data Frame. Figure 42 summarizes how RNTI is 
counted from CSV file. 
 
Figure 42. Counting function for each RNTI element 
Sometimes a CSV file has null values, which are literally displayed as NaN (Not a num-
ber) inside Data Frame. Pandas provides two solutions for this problem: 𝑑𝑟𝑜𝑝𝑛𝑎() 
method to manage and remove null value from Data Frame and 𝑑𝑟𝑜𝑝𝑛𝑎() to allow user 
replace NaN values with some values of their own. According to the script upwards, we 
replace these NaN values with 0. The scripts then will eliminate all the 0 value and convert 
all non 0 values into integer format. 
The next plotting is implemented for rrmUsedMcs and its corresponding Tx Number val-
ues. In this plot, a function inside Pandas called 𝑐𝑟𝑜𝑠𝑠𝑡𝑎𝑏() has been used. 𝑐𝑟𝑜𝑠𝑠𝑡𝑎𝑏() 
function computes and visualizes data as simple cross tabulation of two or more factors. 
In this implementation, it computes frequency of two factors, which are rrmUsedMcs and 
Tx Number. 
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Figure 43. rrmMcs and Tx 
Along with these data plotting, checkboxes are also displayed. The user can choose the 
CRNTI value they want to visualize at this step. If multiple checkboxes have been chosen, 
the tool will generate visualization of each CRNTI one by one. 
5.3.7 Visualizing Data 
The whole idea of data visualization was built on the EMIL analyzer tool and 𝑒𝑚𝑖𝑙() 
function is built similar with 𝑏𝑖𝑝𝑝𝑒𝑟(). It executes EMIL’s action by using Window’s 
command line. The extra function for this visualization is the 𝑠𝑎𝑣𝑒𝑃𝑖𝑐() function that 
records and saves corresponding visualization on the local PC. Figure 44 shows how this 
saving function was built. 
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Figure 44. Save image function 
Pillow is the friendly PIL (Python Imaging Library), a package allows users to work with 
images and clipboards. 𝐼𝑚𝑎𝑔𝑒𝐺𝑟𝑎𝑏 is a module which belongs to this library. This func-
tion uses 𝐼𝑚𝑎𝑔𝑒𝐺𝑟𝑎𝑏 module and demonstrates how to pull an image from clipboard. 
With the help of 𝐼𝑚𝑎𝑔𝑒𝐺𝑟𝑎𝑏, the image will be stored in memory and a Pillow object. 
Then, we can operate copy and paste action as we want on the chosen object. The image 
will be saved under .JPEG (Joint Photographic Experts Group) format and with its name 
specified by the corresponding values of CRNTI. Figure 45 shows how the final visuali-
zation looks after data and the corresponding CRNTI value are sent to EMIL as well as 
how it is saved on the local PC. 
 
Figure 45. Visualization saving 
As there is no path specified inside the function, the picture will be saved in the same 
folder with where we store the program. 
67 
 
 
Figure 46. Final visualization on EMIL 
Each parameter in the testing profile will be sorted into different colours and users can 
freely choose how they want to visualize and what they want to be visualized on EMIL. 
With this visualization, testers can analyse their tests and trace backwards to the corre-
sponding gNodeB if any problems occur. In the end, the user can click on “Save image” 
button if they want to save these visualizations inside their PC. 
Figure 46 visualizes NR DL TTI testing profile. There are a total of four different param-
eters for this testing profile such as rrmDlUsedMcs, txNumber, rrmAvgCqi, numofLay-
ers. The x-axis is visualized based on the SFN value and it is filtered via RNTI value. In 
other words, the tool only filters the signal relating to the chosen CRNTI and visualize 
that one. The pink graph describes the layer that tester create tests on. In this case, the test 
is implemented on layer 2 of the 5G Protocol Stack. Hence, the pink graph lies on value 
2 as can be seen on the graph. Similar with that, the purple line is for Tx Number and 
green line represents the average Channel Quality Indicator. Blue line shows the index 
value of the current best beam generated during testing process. With this graph, the tester 
can easily retrieve the values they want to analyse after the testing process. 
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6 RESULT ANALYSIS 
As already presenting the idea, this tool can bring more possibilities that assist testers 
save more time and efforts in the visualization process. Especially for TTI traces data. 
The automated process has been done from inserting raw data point to having the visual-
ization. This thesis could be a backbone for further development in TTI traces analysing 
and testing process.  
Some test cases and development should be done further based on what this tool already 
has, such as a more optimized way when working with foundation tools, or test cases 
performed on extremely huge data. In terms of working with data, Python is a good option 
as it provides various modules to support in different implementation cases. Challenges 
came in this project included figuring out how to implement a GUI application in Python 
as it does not contain much advanced widgets or native look like other programming 
languages. However, it still manages well when handling small automation tasks or cre-
ating some simple GUI. 
Through the development process for this tool, I had many opportunities to learn different 
terminologies in 5G as well as mobile networks in general.  I also had a chance to use 
different software applications in networks analysing and exploring many capabilities in 
using script to develop handy tasks inside business. The tool also helped me find out a 
potential aspect in using Python programming language while working with data. 
Until this moment, the solution has just only utilized a small fraction of data. One possible 
use case is to generate some most common testing profile combinations on GUI for the 
user to choose or let them customize one themselves. These combinations could help them 
to skip the element-by-element picking process in some frequent cases. Another possible 
use case is to collect raw data straight forward from gNodeB right inside the tool. It could 
also help users not to discontinue their whole process from collecting data and analyse it. 
A synchronization with other testing tool such as QXDM is also a good option worth 
trying in future. 
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